Mandibular movements have been analyzed extensively in the past for prosthodontic reasons, and more recently to study the function of the masticatory system. This study investigated the range of mandibular movements in a young male population, and analyzed the difference in range of mouth opening, right and left lateral movements, and protrusive movement between asymptomatic subjects (control group) and patients with clinical diagnoses of temporomandibular disorders. A total of 180 subjects, aged 19-28 years, were included in the study. The TMD sample comprised 90 patients (30 patients with muscle disorders; 30 patients with disc displacement with reduction; 30 patients with muscle disorders and disc displacement with reduction) and was compared with 90 healthy control subjects. All participants were evaluated by the attending dentist at baseline with a complete physical examination and history questionnaire, which included the Research Diagnostic Criteria for Temporomandibular Disorders Axis I measures. Analysis of variance (ANOVA) showed significant differences in ranges of mandibular movements between and within the groups of healthy control subjects and patients with muscle and temporomandibular joint disorders. It is suggested that there are differences in the range of mandibular movements that clearly separate asymptomatic subjects and patients with temporomandibular disorders in this young male population.
INTRODUCTION
Temporomandibular disorders (TMD) are recognized as the most common chronic orofacial pain condition confronting dentists and other health care providers. Recent epidemiologic studies have generally found significantly more frequent and more severe TMD signs and symptoms (pain and tenderness in the temporomandibular joints (TMJ) and masticatory muscles, sounds in the TMJ, and limitation or other disturbances of mandibular movement) in women than in men (1) . Limited movement of the mandible may reflect a disorder of the temporomandibular joint and masticatory muscles. To determine limited movement, a normal range of movement must have been established (2, 3) .
In physical examination for temporomandibular disorders, measurement and recording of mandibular movements should be completed for opening, and lateral and protrusive movements. The quality and symmetry of jaw movement should be noted and diagrammed (4) . Dworkin et al. (5) reported significant differences in the amplitude of jaw opening between TMD patients and control subjects. In their study, Hesse et al. (6) compared active maximum mouth opening, and temporomandibular stiffness values of three temporomandibular disorder patient subgroups and a control group. The temporomandibular disorder patient subgroups consisted of myogenous pain patients and arthrogenous pain patients with a "closed lock" and arthrogenous pain patients without a "closed lock." Both myogenous patients and the "closed lock" patients showed great differences for all parameters. Some studies have also suggested significant differences in mouth opening between asymptomatic subjects and patients with temporomandibular disorders (7) (8) (9) .
The aim of this study was to investigate the range of mandibular movements (mouth opening, right and left lateral movement, and protrusive movement) and to analyze the differences between the range of mandibular movements in asymptomatic subjects and patients with an established clinical diagnosis of temporoman-R. Celic et al. dibular disorders in a young male population.
MATERIAL AND METHODS
A total of 180 subjects participated in the present study: 90 TMD patients (30 patients with muscle disorders; 30 patients with disc displacement with reduction; 30 patients with muscle disorders and disc displacement with reduction) and 90 healthy control subjects. Study participants were recruited from patients referred for treatment to the Department of Prosthodontics, School of Dental Medicine, University of Zagreb, Croatia. All subjects were men in the age group of 19 to 28 years. Subjects in the control group (with a mean age of 21.4 years) were group-matched with subjects in the TMD group (with a mean age of 21.3 years) to achieve a similar age distribution. The individuals in the control group were randomly selected from the same community sample of young male adults as the TMD group.
Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) uses a dual axis system for diagnosing and classifying TMD patients (10) . Axis I assigns physical diagnoses of the most commonly occurring masticatory muscles and/or TMJ disorders. According to these criteria, the patients of the study were divided into three groups: muscle disorder (MD), disc displacement with reduction (DDR), and disc displacement with reduction associated with muscle disorder (DDR + MD).
Measurement of mouth opening: A millimeter ruler was placed at the incisal edge of the maxillary central incisor that is the most vertically oriented and measured vertically to the labioincisal edge of the opposing mandibular incisor. The amount of vertical incisor overlap (the distance between the incisal edges of the upper and lower central incisors) was added to each of these measurements to determine the actual amount of opening. Measurement of lateral movements: The subject opened his mouth slightly (physiologic rest position) and moved the mandible as far as possible toward the right or left. Using a millimeter ruler we measured from the midline labioincisal embrasure of the maxillary central incisors to the labioincisal embrasure of the mandibular incisors. Measurement of protrusive movement: The initial position was the physiologic rest position from which the subject moved the mandible anterior without tooth contact. The distance from the incisal edge of maxillary central incisor to the incisal edge of mandibular central incisor was measured in the maximal protruded position. The horizontal overlap (the distance between the incisal edges of the upper central incisor and the labial surface of the lower central incisor) was also measured and then added to the distance between the upper labial surface and the lower incisal edge (3, 10) .
Descriptive statistics (arithmetic means, standard deviation, standard error, and minimum and maximum values) were used for analysis of range of mandibular movements. Analysis of variance (ANOVA) was used to test for differences in the range of mandibular movements between asymptomatic subjects and patients with the muscle and temporomandibular joint disorders (disc displacement with reduction). Statistical significance was set at p<0.05. A very good to excellent reproducibility has been reported for registration of jaw measurements (11) .
RESULTS AND DISCUSSION
Muscle (extracapsular) and temporomandibular joint (intracapsular) disorders are often causes of limited mandibular movements. Previous studies of asymptomatic subjects demonstrated that 1.2% of young adults and 15% of an elderly group opened their mouth less than 40 mm. Less than 40 mm seems to represent a reasonable point of incisor separation on maximal opening, but one should always consider the patient's age and body size (3) .
The average and range of mandibular movements (mouth opening, right and left lateral movements, and protrusive movement) among asymptomatic subjects and patients with clinical diagnoses of TMD are shown in Table 1 . Mouth opening at the incisors ranged from 35 to 61 millimeters (mean 47.8 mm) in asymptomatic and TMD patients groups. The range of the right lateral movement in these subjects ranged from 2 to 14 mm (mean 7.7 mm), while the range of the left lateral movement ranged from 3 and 14 mm (mean 7.7 mm). The range of protrusive movement in the study's subjects ranged from 2 to 11 mm (mean 5.7 mm) in both groups. These findings were in accordance with previous clinical studies (5, (12) (13) (14) (15) (16) .
Results of ANOVA are presented in Table 2 . Statistically significant or clinically meaningful differences were observed between and within the groups of asymptomatic subjects and patients with muscle and TMJ disorders. Most frequently, the studies reported in the literature evaluated the range of maximum mouth opening and the possible association with TMD. The mean mouth opening of 50 mm could be regarded as normal, and mandibular movements were clinically similar in asymptomatic subjects and in patients with disc displacement. However, several studies (8, 17, 18) have suggested significant differences in mouth opening between asymptomatic groups and groups with muscle and TMJ disorders. The findings of this study also demonstrated meaningful clinical differences between TMD patients and healthy controls at measurement of maximum mouth opening (p=0.016).
Studies evaluating lateral and protrusive movements in asymptomatic and symptomatic subjects have suggested varied results. Piehslinger et al. (19) reported the difference in the mean lateral movements in male volunteers (right -11.1 mm; left -11.12) and male patients with temporomandibular disorders (right -9.54 mm: left -9.37). Gsellman et al. (20) used electronic axiography and found significant differences in length and form of protrusive movements of left and right joints between asymptomatic subjects and patients with TMD. However, the results of this study suggested differences between the ranges of right (p=0.003), left (p=0.006) lateral and protrusive movements (p=0.002) between TMD patients and controls. Because impairment of mandibular movement is one of the signs of many types of TMD, it is not surprising that quantification of mandibular movement has been considered important. Mandibular movement measurements can also be determined with electronic jaw-tracking systems; however, there are no scientific data to demonstrate that these techniques are any more useful in measuring mandibular function than a traditional millimeter ruler. With this in mind, cost efficiency should be considered. SD = standard deviation; SE = standard error. Control = asymptomatic subjects (N=90); MD = muscle disorder (N=30); DDR = disc displacement with reduction (N=30); DDR+MD = disc displacement with reduction and muscle disorder (N=30). Total: N = 180. Thus, the use of jaw-tracking devices at this time is not recommended for the routine mandibular function measurements and diagnosis of temporomandibular disorders or other painful orofacial problems.
In conclusion, evaluation of mandibular patterns is recommended as diagnostic criteria for all classifications of temporomandibular disorders. These disorders are characterized by restrictions, deviations, and limitations of these patterns, including range of motion, frontal deviations, limited lateral extrusion, etc. The results of this study were in accordance with similar clinical studies in which the differences in the range of mandibular movements clearly separated asymptomatic subjects and patients with temporomandibular disorders. Clinicians should be reassured that the use of the patient history and a physical examination to detect and classify temporomandibular disorders still represents the highest standard of patient care.
RESUMO
Movimentos mandibulares têm sido extensivamente analisados no passado por razões protéticas, e mais recentemente para analisar a função do sistema mastigatório. Este estudo investigou a amplitude dos movimentos mandibulares em uma população masculina de jovens, e analizou a diferença na amplitude de movimento mandibular em movimentos laterais direito e esquerdo e em movimentos protrusivos, entre pacientes assintomáticos (grupo controle) e pacientes com diagnóstico de desordem temporomandibular. Um total de 180 pacientes, com idades de 19-28 anos, foram incluídos neste estudo. A amostra com DTM consiste em 90 pacientes (30 pacientes com disfunção muscular; 30 pacientes com deslocamento de disco com redução; 30 pacientes com disfunção muscular e deslocamento de disco com redução) e foi comparada com 90 pacientes saudávies no grupo controle. Todos os pacientes foram avaliados por um dentista com um exame físico completo e anamnese, que incluiu medidas de "Research Diagnostic Criteria for Temporomandibular Disorders Axis I". A análise de variância (ANOVA) mostrou diferenças significantes na amplitude de movimentos entre e dentro do grupo de pacientes saudáveis do grupo controle e pacientes com desordens temporomandibulares e de disco articular. Encontrouse diferenças significantes na amplitude dos movimentos mandibulares que separaram os pacientes assintomáticos e pacientes com desordens temporomandibulares em uma população masculina de jovens.
